Abstract
Sensory neurons often exhibit changes in coherence in addition to firing rates, providing distinct 24 substrates for representing information. Although the precise behavioral consequences of 25 differences in the timescales of these two codes continue to be debated [1] [2] [3] the simultaneously recorded sites (up to 6 sites in chronic; 4 sites in non-chronic recordings), 73 yielding a total of 400 spike-LFP pairs. Since we want to study the fluctuations in gamma-band 74 coherence, following results pertain to these 400 spike-LFP pairs unless stated otherwise.
75
Stimulus-dependent changes in SFC are correlated with firing rates and LFP 76 We first analyzed stimulus-induced changes in SFC that accompany changes in firing rate and 77 LFP for each spike-LFP pair by comparing responses under two sets of stimulus conditions (Fig. 78 1B): (1) the pair of conditions when either the preferred or nonpreferred orientation was 79 presented to the neuron's preferred eye (pEpO vs pEnpO), and (2) the pair of conditions when 80 the preferred orientation was presented to either the preferred or nonpreferred eye separately 81 (pEpO vs npEpO). These set of conditions were chosen to capture any effects that the differences 82 in spatial scales between orientation and ocular columns might bear on our analyses. 83 We found that across the population of all spike-LFP pairs, changes in neuronal firing 84 rate and gamma-band SFC were concomitant. Stimuli that elicited an increase in firing also 85 produced higher SFC in most cases, i.e. degree of entrainment of spike trains to gamma-band 86 LFP increased with spike density. On average, this was true both when neuronal response was 87 manipulated by changing grating orientation as well as eye. As illustrated for one representative 88 spike-LFP pair, increased spiking activity in response to the neuron's preferred stimuli ( Fig. 1C ) 89 is accompanied by an increase in LFP power around 40 Hz in a neighboring site (Fig. 1D) . 90 Moreover, this spike-LFP pair also exhibits an increased SFC in this frequency range (Fig. 1E) . 91 Similar effects were observed in the majority of all analyzed spike-LFP pairs and are 92 readily noticed in the population average of SFCs ( Fig. 2A, Supplementary Fig. 2A largely congruent (Fig. 2C -top Fig. 3 ).
125
To further quantify the differences between the effect of firing rate rate, LFP and neuronal coherence is not simply due to these quantities all being identically tuned recorded neurons as a function of the distance between electrodes from which the neurons were 172 recorded ( Fig. 3, cyan) . Likewise, we also estimated correlated variability in firing rates of all two groups of roughly equal size: those that were nearby (<=200 μm) or far away (>200 μm).
180
The panel on the left in Figure 3A shows concurrent stimulus-induced changes in 5B) . Therefore, we wanted to know whether stimulus-related increase in neuronal coherence 246 in our dataset was attributable to such an increase in sensitivity to rhythmic input accompanying 247 the overall increase in activation level in response to preferred stimulus (Fig. 5A) .
248
For each spike-LFP pair, we used the LFP signal as a proxy for and inferred model trial-averaged firing rates typically fail to reveal the rhythmic process underlying spike 258 generation (see Fig. 1C for example). We used the following technique to overcome both issues.
259
We time-shifted our LFP traces on each trial by a small amount so that the peak gamma can be noticed in the population averages of the power spectra of and (Fig. 5C, D) .
268
If sensitivity was independent of stimulus, the relative change in spectral content of 269 would be comparable to those in . However, the fractional increase in gamma-band power was 270 larger in suggesting that there was a stimulus-dependent increase in sensitivity. To confirm 271 this, we fit the activation parameter and sensitivity individually for each spike-LFP pair. Fig. 8 Fig. 10-11) . Instead, our data was better explained by a 367 model in which neuronal threshold increased with the mean activity of the neurons 368 ( Supplementary Fig. 12 ). This dynamic threshold model is consistent with several past (Fig. 1B) 
where X k n (f) denotes the ℎ Slepian-tapered Fourier transform of , X k n * (f) its complex 478 conjugate, is the total number of trials, and is the duration of the signals and .
479
Significance test for SFC Orientation and ocularity preferences were first determined for each neuron by estimating rate- 
